Endot racheal intubation in rabbits is a form idable task and has led to the devising of a new endoscopic method. Sixty New Zealand White rabbits (2.0±3.5 kg) underwent experimental left thoracotomy requiring mechanical ventilat ion. After anaesthetic induction was achieved, the anim al was placed in a supine position. A rigid 30 endoscope was passed through a 4.5 mm endotracheal tube (ET ) and then used to advan ce, under direct vision, through the oropharynx and vocal cords. Once passing the vocal cords, the ET was advanced into the trachea as the endoscope was withdrawn. All animals were successfully intubated within 30 s to 2 min and then ventilat ed. No complications or deaths occurred during or after intubat ion, or postoperatively. No instances of oesophageal intubati on occurred. All animals survived long-t erm. T hirty animals underwent necropsy at 10 days and, 30 at 30 days, with no postoperative evidence of orotracheal injury. We have established a new method of endotracheal intubation in rabbits. It is reliable, effective, non-traum atic , safe, and expeditious. (2001) 35, 249 252 C o rre spond e nc e to : C . W. Hew itt Ph D, Co o pe r He a lth System , Th ree C o o per Pla za , Suite 411, Ca m d en, NJ 08103, U SA
Rabbits are generally suitable, docile anim al models for experimental studies. Long and complex procedures with cardiopulm onary monitoring invariably require general anaesthesia and mechanical ventilation. However, in rabbits, orotracheal intubation is form idable and, often at times, frustrating for investigators. Nasotracheal intubat ion is alm ost im possible because rabbi ts have very narrow nasal airways.
T he unique anatom y of rabbits contributes to the dif® culties of intubation. T hey have a small, narrow oropharynx with restrictive mandibular excursion, a relatively large tongue for their size, and large primary incisors. Because of nasal breathi ng, the tongue tends to cover the epiglottis from view. T he laryngeal opening is small and steeply, ventrally situated and is therefore dif®cult to locate with a laryngoscope. In addition, laryngospasm is easily induced in rabbi ts (Wixson 1994) . Owing to these anatomical and physiological restrictions, endotracheal intubation is usually a technical challenge.
Because of the dif®culty and high fai lure rate of conventional endotracheal intubation in rabbits, we have devised a new, effective method of orotracheal intubation.
Instrum e nt for e nd o tra c h e a l intub atio n
We used a 30 rigid endoscope (Karl Storz Endoscopy-America, Inc., Culver City, CA, USA) connected to a 150 W light source, with an intensity adjustm ent for brightness. T he endoscope is approxim ately 18 cm long and 0.4 cm in diameter. T he tip is bevelled 30 0 with a light source passing through the centre. T he endoscope has a handle for holding and is viewed through the proximal end. An uncuffed (or cuffed) endotracheal tube (ET ) (Mallinckrodt Medical Inc., St Louis, USA), size 2.5±4.5 mm ID, is passed over the endoscope lubricat ed with a water soluble gel. T he length of the ET is sized so that the ET tip extends only several millimetres beyond the endoscope for adequate visualization through the endoscope. T he outside of the ET is lubricat ed with gel for smooth passage through the oropharynx.
Meth o d o f e nd o tra c h e a l intub a tio n
Sixty male New Zealand White rabbits weighing 2.0±3.5 kg were used for this experiment. Eac h anim al was housed individually in a conventional cage with water and feeds avail able a d lib itum . T he animals were randomly selected to undergo experimental left thoracotomy.
While in the cage, a pre-anaesthetic regimen was given which included glyc opyrrolate (American Regent Laboratories Inc., Shirley, NY, USA) at a dose of 0.1 mg = kg subcutaneously and xylazi ne (Butler Co., Columbus, OH, USA) at a dose of 5 mg = kg subcutaneously. Ten minutes later, anaesthetic induction was achieved with administration of ketam ine (Parke-D avis, Morris Plain, NJ, USA) at a dose of 35 mg = kg intramuscularly, and acepromazine (Butl er Co.) 0.75 mg = kg intramuscularly. Adequate depth of anaesthesia was determined when the loss of pedal withdrawal, sluggishness of palpebral re¯ex, or loss of gag re¯ex were observed. T he animal was placed in a vertical, supine position with its head extended, resting on an assistant's palm, and hanging loosely over the head of the operating table. T he assistant's other hand helped by holding and pulling the tongue slightly outward to bring the epiglotti s into view. T he endoscope was introduced into the oral cavity and the oropharynx visualized through the endoscope. T he endoscope was then slowly advanced to obtain an unobstructed view of the epiglottis and oesophagus dorsally, and arytenoids and vocal cords ventrally. On rare occasions when copious respiratory secretions would hinder the endoscope view, a suction device was employed to clear the secretions. Once the vocal cord opening was visualized, the endoscope was then aim ed ventrally toward the vocal cords and advanced over the epiglottis, through the laryngeal opening, and into the trachea ( Fig 1A) .
After entering the trachea, the ET was advanc ed over the endoscope and into the trachea as the endoscope was withdrawn ( Fig 1B) . T he ET was immediately secured and connected to an air bag and the lungs on both sides were auscultated for breat h sounds using a stethoscope. If a cuffed ET was used, the cuff was ®lled with air until no air leak is identi®ed. T he ET was secured using a tape that passed around and behind the ears. T he ET was then connected to a ventilator volatilized with 0.8±6 l of 100 % oxygen to maintain oxygen saturation > 90 % . Continuous monitoring of oxygen saturation was undertaken by a pulse oximeter placed on the ear.
Po sto pe ra tive re c o ve ry
When the animal began to breathe on its own and recover from anaesthesia, the ET was manually removed. Postoperative pain medicat ion was given using meperidine (Wyet h Laborat ories Inc., Philadelphia, PA, USA) at 10 mg = kg subcutaneously = intramuscularly every 2±3 h for the ®rst 12 h and buprenorphine (Reckit t & Colman Products, Hull, England) 0.01 mg = kg intram uscularly every 12 h for the subsequent 48 h. Water and feeds were re-instituted within 12 h aft er surgery.
Results
One hundred per cent of the anim als were successfully intubat ed and ventilated within 30 s to 2 min. No animals had laryngospasm , desaturation, apnoea, bradyc ardia, or asystole during or after the procedure. No instances of orotracheal trauma such as lingual = tracheal tears, or perforations with bleeding complicat ed the procedure. No instances of oesophageal intubati on occurred. No animals died during or following the procedure. All animals were extubated uneventfully and maintained oxygen saturation between 95±100 % , on room air. All anim als resumed normal drinking and feeding within 12 h of surgery. No complications of aspiration, pneumonia, or pneumonitis occurred. All animals survived long-term at this tim e. Follow-up necropsy of 30 animals at 10 days and 30 at 30 days post-operation revealed no gross evidence of intubation-related orotracheal injuries.
Discussion
Several non-invasive methods of endotracheal intubation in rabbits have been described. T he conventional technique involves using a paediatric laryngoscope (with or without applicat ion of 1±4 % topical lidocaine) to visualize the larynx and epiglottis and then insert the ET over the stylet (Wixson 1994) . For non-veterinarians, this procedure is usually unsuccessful. Most often, either the laryngoscope does not reach the epiglottis; or, when it does, one cannot visualize the larynx and epiglottis because of poor lighting, or the introducing ET hinders the view. For these reasons, various methods have been described over the years, which have been intended for facilitating effective intubation. Davis and Malinin (1974 ) reported the use of inhalational halothane, and Lindquist reported the use of inhalational methoxy¯urane anaesthesia to achieve endotracheal intubati on with a Miller neonatal laryngoscope (Li ndquist 1972 ). Brown (1983) introduced a laryngoscope with ®bre-opti c lighting and a cutaway section at the distal end to allow for better ®eld of vision and manoeuverability. Freeman e t a l. (1972 ) fashioned a wooden dowel as a bit and Schuyt and Leene (1977 ) invented a special mouth speculum to make inserting the ET more successful and less traum at ic. In our initial experience with the conventional method using neonatal or paediatric laryngoscope we were unsuccessful, we incurred oropharyngeal trauma, and encountered situations in which the anim als developed laryngospasm with respiratory or The endotracheal tube is passed over the endoscope, which is then introduced into the oropharynx. The epiglottis and vocal cords of the laryngeal opening are located visually through the endoscope. The endoscope is then advanced through the vocal cord opening during inspiration (point A). (B) Once in the trachea, the endoscope is withdrawn and the endotracheal tube advanced further into the trachea (point B) cardiac arrest. A modi®ed version of this technique involves passing a small-gauge nylon intravenous catheter through the ET such that the cat heter tip extends beyond the tip of the ET (Macrae & Guerreiro 1989) . T he catheter is used as a guide to enter the vocal cord and then the ET is passed over the catheter and into the trachea as the catheter is removed. Another technique describes inserting an ET into the larynx without using a stylet or a laryngoscope (Hoge e t a l. 1969 , Fick & Schalm 1987 . T he ET is then blindly advan ced into the trachea during inspiration when the vocal cords open. Oropharyngeal trauma is not uncommon with this method, especially for the inexperienced investigator.
Invasive methods of endotracheal intubation have been described. Surgical tracheotomy with insertion of a trachaeotomy tube has been adopted at many institutions. Another method is retrograde orotracheal intubation that involves making small skin and tracheal incisions or puncturing the trachea with a 17-gauge needle catheter below the larynx to pass a guide wire aborally (Bertolet & Hughes 1980, Corleta e t a l. 1992 ). From the mouth, an ET is inserted and threaded over the guide wire and into the trachea. With these invasive methods, complications such as stricture of the trachea, bleeding, aspiration and infection may occur and can be dif® cult to manage.
All of these methods require practice and skill to be successful with minimal or no trauma. For an inexperienced or nonveterinary investigat or, this can be a long process and tim e consuming. Worthley e t a l. (2000 ) reported a method of orally ventilat ing six rabbits using a 10 mm ®bre-optic scope as a guide to visualizing the glottis while an ET is blindly inserted. T his approach may result in oesophageal intubati on as reported in the study. However, our method of endotracheal intubation using a 4 mm endoscope is accurate and requires no previous training. T his technique is 100 % successful, is reliable with no morbidity or mortal ity, non-invasive, simplistic, and expeditious, tak ing less than 2 min, and less than 10 s with experience as we have attained during our study. When the endoscope is inserted into the oropharynx, the vocal cords are visualized directly. T he endoscope is then advanc ed easily past the vocal cord under direct visualization.
Conclusion
We have successfully establ ished a unique, non-invasive method of orotracheal intubati on in rabbit s using a rigid endoscope that is reliable, effective, expeditious, safe, non-traumatic , and easily learned.
